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[0001] 



[0002] 



[0003] 



ideral Research Statement 

(The US Government may have certain rights in this invention pursuant to contract 
number DAMD1 7-99-1-9008 awarded by the United States Army.] 



This invention relates to systems for image guided interventional medical 
procedures in which a device is inserted into a body during imaging, and more 
particularly this invention relates to systems which assist in executing the diagnostic 
and interventional procedures such as assisting in the positioning of the device during 
the procedures. 

Image guided medical or surgical procedures generally use an imaging technology 
such as magnetic resonance imaging (MRI) or compute tomography (CI) for 
generating images, either prior to the procedure or during the procedure, as a guide 
for a physician or operator of the system during the procedure. During interactive 
examinations/interventions with a medical device, such as a biopsy needle, whose 
guide is localized by a device tracking method, there is a need for a system to provide 
information to the operator to assist in precise and rapid placement of the guide. 
Device guides are positioned for the delivery of diagnostic or interventional devices, 
relative to a feature of interest such as a lesion. Proper placement of the medical 
device guide results in proper placement of the accompanying medical device, relative 
to a target. 

During interactive examinations/interventions with a medical device, there is a 
need for a system to actively monitor the three-dimensional (3D) position of the 
device, and respond if the device has moved from its target position. Device motion is 
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of importance for procedures where a therapy is applied to carefully selected and 
circumscribed areas. Device motion is of equal importance for a procedure where a 
tissue sample must be obtained from a precise location, such as a biopsy procedure. 

[0004] Typically, in conventional tracking systems, the location of an interventional 
device is presented to a physician as a graphic symbol superimposed upon a 
diagnostic image. Due to time constraints, or the constraint of accumulated radiation 
dose, diagnostic images are acquired intermittently before tracking of the device 
commences, or are acquired at a much slower rate than the device is tracked. 
Consequently, if the subject or device moves after the acquisition of the diagnostic 
image, the representation of the device displayed to the physician may be mis- 
registered with respect to the diagnostic image. 

[0005] What is needed is a system and method that overcomes the problems described 
above by monitoring and positioning the subject and device. In the event that motion 
is detected, it is desirable for a system and method to respond to, and correct for, the 
subject motion. 

Summary of Invention 

[0006] In a first aspect, a medical device positioning system for use during a medical 

procedure on a subject performed during imaging is provided. The system comprises 
a medical device adapted for internal use within the subject for performing the 
medical procedure and an imaging device for acquiring image data of a region of 
interest within the subject. Additionally, the system includes a medical device 
monitoring subsystem for monitoring position of the medical device relative to a 
target region of interest within the subject and for providing feedback to an interface 
unit when the position of the medical device deviates from the target region of 
interest. 

[0007] 

In a second aspect, a method for positioning a medical device is provided. The 
method includes generating at least one image of a region of interest of a subject 
including a representation of a medical device superimposed in the image and 
monitoring a position of the medical device relative to a target region of interest 
within the subject. Feedback to an interface is provided upon detection of a change in 
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position of the medical device relative to the target region. 

Brief Description of Drawings 

[0008] The features and advantages of the present invention will become apparent from 
the following detailed description of the invention when read with the accompanying 
drawings in which: 

[0009] Figure 1 is a perspective view of an exemplary medical imaging system in 
operation for monitoring and positioning the location of an invasive device in a 
subject to which embodiments of the present invention are applicable; and, 

[0010] Figure 2 is an illustrative diagram of an acquired image employing embodiments 
of the present invention. 

Detailed Description 

[001 1] Referring to Figure 1 , there is shown an imaging system to which embodiments of 
the present invention are applicable. In Fig. 1 , a subject 1 00 on a support table 1 1 0 is 
placed in an imaging device 120, having imaging interface 123 and imaging processor 
121, collectively referred to as imaging device 1 20. Imaging device 1 20 may be a 
magnetic resonance imaging (MRI) device, an X-Ray imaging device, a computed 
tomography (CT) scanner, a Positron Emission Tomography system or an ultrasound 
scanner, or any other conventional medical imaging device. An invasive device 1 50, 
shown in Fig 1 as a catheter, is inserted into subject 100, usually by physician 1 . 
Device 1 50 may be a guide wire, a catheter, an endoscope, a laparoscope, a biopsy 
needle, a laser guide, a device guide, therapeutic laser or similar device. 

[0012] Device 1 50 contains one or more element(s) 151, which may be easily tracked. For 
example, in an MR imaging device, it may be an RF coil that detects MR signals 
generated in subject 1 00. The element may also be an MR active substance such as a 
Fluorine compound that is tracked by MR Imaging. In the case of RF tracking, it may 
be an RF coil tracked by external RF coils 1 30. 

[001 3] Device tracking unit 1 70 determines the position of element 1 5 1 on device 1 50 
relative to a fixed reference point, such as support table 1 1 0. 
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[0014] 



In the case of RF tracking, the location of device 1 50 is determined by employing 



several external detection devices, such as RF coils 1 30 around the perimeter of 
subject 1 00, and at least one internal coil of element 1 5 1 attached to device 1 50. The 
internal coil transmits RF energy that is received by the external RF coils 1 30 which 
are connected to device tracking unit 170. Device tracking unit 170 calculates the 
position of the internal coil over time. The transmission may be reversed such that 
external coils 1 30 transmit RF energy and internal coil of element 1 51 receives the 
transmitted RF energy. 

[001 5] In the case of MR tracking, element 1 5 1 detects nutation of magnetic resonance in 
a localized region around element 151. Device tracking unit 1 70 determines the 
location of element 151. 

[0016] If more than one coil is used in element 151, determining the locations of all coils 
will also allow calculation of the orientation of device 1 50. 

[001 7] A position detection means 1 90, placed within the imaging device 1 20, measures 
position of one or more reference points of subject 1 00 over time. A reference image 
of the subject is acquired by the imaging device 1 20 at a time ti. The position of the 
reference points of subject 1 00 is monitored concurrently by position detection device 
190. The image and corresponding subject location, and position are stored. In 
another embodiment, position detection means 1 90 may be comprised of light 
emitting diodes (LEDs) fixed to subject 1 00 and an optical detector capable of 
measuring distance to the LEDs at specified times. Also in another embodiment, 
position detection means 1 90 may comprise an ultrasonic tracking device that 
employs conventional ultrasound distance measurement techniques to determine the 
position of selected points on subject 1 00 at different times. In yet a further 
embodiment, position detection means 190 may comprise a mechanical tracking 
means such as a mechanical arm physically coupled to the subject to measure the 
width and height of a portion of the subject's anatomy. 

[001 8] Position information (subject tracking data) over time from motion detection 

means 190 is sent to a subject tracking unit 200 for processing. Subject tracking unit 
200 computes translation and rotation movement of subject 1 00 from time ti, the 
time of image acquisition, to time td, the time of device location measurement. This 
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movement information is passed to a registration unit 160. 

[0019] Registration unit 160 receives the reference image from imaging device 120 
(shown as registration data), the net subject position and orientation change from 
subject tracking unit 200, and device 1 50 position and orientation from device (device 
tracking data) tracking unit 1 70. Registration unit 160 then translates and rotates the 
reference image to match the position and orientation of subject 1 00 at the time the 
location of device 1 50 location was measured. An image of device 1 50, or a graphic 
symbol of element 1 51 is synthesized by device tracking unit 170, or by registration 
unit 160. This image is superimposed upon the translated /rotated image of subject 
100 at its absolute location and orientation to result in a registered image having both 
an image of subject 1 00 and device 1 50 correctly registered with each other. 

[0020] Alternatively, registration unit 160 may transform the absolute 

location/orientation of device 1 50 in the reverse sense, then superimpose an image of 
device 1 50 at the transformed location/orientation on the reference image. 

[0021] Subject tracking unit 200, registration unit 160 and device tracking unit 170 are 
shown as separate units for illustration reasons only. Generally, tracking, registration 
and device tracking information are sent for further processing by the imaging device 
(processor 121 of Figure 1). In embodiments of the present invention, processor 121 
comprises subject tracking, registration and device tracking processing contained 
therein. 

[0022] Proposed is a system where the operator is given active, precise and real-time 
guidance for positioning of a medical device guide. Such a system could be used for 
delivery of many different diagnostic and interventional devices. For example, it could 
be used to guide the placement of a therapeutic laser, or a biopsy needle guide. 

[0023] 

Referring further to Figure 1, an embodiment of a medical device positioning 
system for use during a medical procedure on a subject while imaging the subject is 
provided herein. The system comprises a medical device, such as invasive device 150, 
and corresponding tracking device for example element 1 51 , an imaging device 1 20 
for acquiring images of the subject and medical device, and a medical device 
monitoring subsystem 210 for detecting movement of the device relative to a target 
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region of interest on the subject. Monitoring subsystem 210 also provides feedback to 
an interface unit, such as interface 123, to assist operator 1 of the positioning system 
to position the medical device. The medical device 1 50 is adapted for internal use 
within the subject for performing the procedure. As used herein, the term medical 
procedure includes but is not limited to diagnostic procedures such as in vivo 
imaging, taking biopsies, surgical procedures and therapeutic procedures such as 
ablation, laser treatments, ultrasonic treatments, bracheatherapy and the like. Also, as 
used herein, "adapted to", "configured" and the like refer to mechanical or structural 
connections between elements to allow the elements to cooperate to provide a 
described effect; these terms also refer to operation capabilities of electrical elements 
such as analog or digital computers or application specific devices (such as an 
application specific integrated circuit (ASIC)) that are programmed to perform a sequel 
to provide an output in response to given input signals. 

[0024] As described earlier, the medical imaging device 120 may be a magnetic 

resonance imaging (MRI) device, an X-Ray imaging device, a computed tomography 
(CD scanner, a Positron Emission Tomography system or an ultrasound scanner, or 
any other conventional medical imaging device adapted to obtain medical diagnostic 
reference images. The device tracking system is a device tracking system capable of 
real-time localization in three dimensions, such as MR Tracking, RF Tracking and 
other methods known to one skilled in the art. 

[0025] T[ie d ev j ce monitoring subsystem 210 is desirably integrated within processor 
of Figure 1 and is adapted to monitor the position of a medical device relative to a 
target region of interest in the subject being imaged. In further embodiments of the 
device monitoring subsystem, the subsystem comprises device-specific configuration 
information from a configuration file which contains information relative to tracking 
method, such as position of rf coils, in device coordinates and further contains 
delivery information, such as position of exit hole and needle length for biopsy needle 
guide, in device coordinates. The monitoring subsystem is also coupled to interface 
1 23 of Figure 1 so that an operator is able to mark the coordinates of a target 
position on reference images, either by recording the 3D position of target in system 
coordinates or by placing an indicator such as an icon on the images. Device 
monitoring subsystem 210 is adapted to receive input information from various 
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sources and then converts the information to a common coordinate system. For 
example, target location marked by the operator on reference images, 3D coordinates 
of tracked locations on device guide or device specific tracking and delivery 
information. 



feedback, desirably through interface 123 to provide feedback to the operator of the 
system regarding relative position of the medical device relative to the target region of 
interest. This capability allows an operator to target the two-dimensional (2D) or 
three-dimensional (3D) position adjusted for proper delivery of device and also to 
monitor a current 2D or 3D position of the device guide, in real-time. The advisory 
feedback is responsive to input from the monitoring subsystem and wherein the 
output is feedback to the operator for use in navigating or positioning of the device to 
reach the target location. The feedback may comprise audio instructions such as 
"rotate guide ten degrees clockwise", text output on a display screen (interface 1 23) 
such as "advance probe one inch"or visual output to show relative position of target 
and device guide on reference images. 

[0027] The visual output of the advisory feedback could simply be unique icons on the 

reference image showing the target position and current position of the device guide, 
as described in the sample scenario below. When the icons coincide, then the guide 
has reached the desired position. The output could also be a much more sophisticated 
display. For example, the device configuration file could also include 3D coordinates 
of a wire-frame model of the device guide, in device coordinates. The 2D projection of 
the device guide could be superimposed on the 2D reference image to as an aid in 
positioning the guide. Additionally, the device configuration file could include the 3D 
coordinates of a wire-frame model of the medical device, and its 2D projection could 
be shown superimposed on the reference image. Supplementing this display might be 
additional device specific information, such as the projected needle track, or laser 
path. 



Referring to Figure 2 is an exemplary method in which a pair of 2D images is 
acquired wherein each image is in-plane with tracked locations of the medical device. 
The images may be acquired in the same plane, or desirably in two different planes 



[0026] 



Desirably, device monitoring subsystem 210 is also adapted to provide advisory 



[0028] 
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(e.g. axial, sagittal or coronal) in order to be useful in positioning the device. Figure 
2A shows an axial planar view of a region of interest 20 within a prostate, a target 
icon 22 and a sighting icon 24 and Figure 2B shows a second image, a sagittal planar 
view within the prostate, acquired at a later time and showing the relative position of 
the sighting icon and the target icon at a different view of region of interest 20. At the 
beginning of a medical procedure, the operator marks the location of the target on 
both of the acquired images with target icon 22. The result is a unique, stationary 
target icon 22 superimposed on the reference images. During the procedure to 
position the needle guide, sighting icon 24 appears on both reference images. In an 
embodiment for positioning the device, the operator uses the sighting icon and target 
icon to navigate the device. In this embodiment, the operator moves the device guide 
in such a way as to bring the sighting icon 24 closer to the target icon 22 in both 
planes. When the sighting icon 22 coincides with the target icon 24 in both planes, 
device guide is properly positioned and the medical procedure (e.g. biopsy or therapy) 
can be performed. The operator may now insert the biopsy needle and perform the 
biopsy without further positioning. Additionally, projected needle paths or device 
outlines may be shown as separate visual outputs in order to be used in navigational 
applications. 

[0029] In an embodiment for monitoring a device, device monitoring subsystem 210 of 
Figure 1 uses image processing techniques to mathematically compare the most 
currently acquired image and thereafter outputs to interface 123 an advisory message 
or output (e.g. audio or predetermined response) if comparison shows the device has 
moved more than an acceptable or predetermined threshold. 

[0030] )n f urt h er embodiments, the monitoring subsystem 210 is adapted to compute the 
recorded three-dimensional (3D) target position in system coordinates, the device 
coordinates of three tracking coils embedded in the guide, the device coordinates of 
the needle exit hole, the needle length and travel in device coordinates, and the real- 
time system coordinates of the three tracking coils in system coordinates. This 
information is desirably converted to a common coordinate system and combined to 
compare the 3D position of the target with the 3D position of the guide to offer advice 
on positioning the guide for a biopsyln further embodiments, medical device 
monitoring subsystem 210 is responsive to either movement of the subject or 



App_ID= 10064749 



Page 8 of 20 




movement of the medical device relative to a specified target region of interest within 
the subject. In one embodiment, the medical device subsystem 210 is adapted to 
respond to the movement with a predetermined response if the medical device 
position deviates by a specified distance from the target region of interest. For 
example, the monitoring subsystem 210 responds to motion of the medical device in 
pre-programmed fashion such as terminating therapy, acquiring new reference 
images, activating a device positioning subsystem to assist operator in repositioning 
device or alternatively activating advisory feedback. 

[0031] Advisory feedback includes an output notification to operator, such as through 
interface 1 23 of Figure 1 , that movement of the medical device relative to the target 
region of interest has occurred. For example, advisory feedback may include audio 
output such as "Device has moved. Laser has been shut down" text output such as 
"Device has moved. Do you wish to reposition?"; and, visual output. In one 
embodiment, visual output may comprise as unique icons corresponding to the target 
and the device to showing the target position and current position of device. In a 
further embodiment visual output may show a two-dimensional (2D) projection of a 
wire-frame model of device or guide superimposed on the reference images. In yet a 
further embodiment, visual output may comprise a cartoon-like representation of the 
medical device superimposed on the reference images. Desirably, the visual output 
also shows device specific information on reference images, such as projected needle 
track, laser path, exit holes, needle length and similar device delivery information. 

[0032] A | SQ provided herein is a method for positioning a medical device comprising 
generating at least one image of a region of interest of a subject including a 
representation of a medical device superimposed in the image; monitoring a position 
of the medical device relative to a target region of interest within the subject; and, 
providing feedback to an interface upon detection of a change in position of the 
medical device relative to the target region. As described above, the feedback may 
include a first visual icon representing position of the device and a second visual icon 
representing the target region of interest, a text message, an audio advisory or a 
predetermined response. The predetermined response may include terminating 
therapy, activating the imaging device to acquire a new image or activating an 
advisory message to the interface unit. Desirably, the interface is adapted to respond 
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to operator input of coordinates marking a target position of the medical device. 



[0033] 



In further embodiments that are particular to MRI imaging applications, the 



monitoring subsystem 210 computes inputs from additional device-specific 
configuration information, such as information related to the tracking method, such 
as position of RF coils on device or guide, in device coordinates. Further, other inputs 
that would be useful in monitoring the device may be the static 3D coordinates of the 
centroid of the medical device or guide, when positioned at the target position which 
could be recorded when monitoring system activated or computed using a starting 3D 
position of device or guide from device tracking system, and tracked locations on 
device or guide. Alternatively, the real-time 3D position of tracked locations on device 
or guide from device tracking system could be used. In these embodiments, profiling 
beams (1 D projections) are continuously acquired in axial, sagittal, and coronal planes 
and the profiling beams pass one of the following — 3D position of centroid of 
medical device or guide or the 3D position of each of tracked location on device or 
guide. The monitoring subsystem thereafter mathematically compares most recently 
acquired profiling data with previously acquired profiling data and activates a 
response or feedback if the comparison shows device has moved significantly. 

[0034] In a further MRI embodiment, where a MRI scanner is equipped with a MR Tracking 
system inputs may be from continuously acquired MR Tracking excitation data, such 
as from a body coil used for excitation or receiving excitation data with surface coil 
centered about target area, rather than tracking coil as is known in the art. The 
monitoring subsystem mathematically compares most recently acquired excitations 
with previously acquired excitations and activates a response or feedback if the 
comparison shows device has moved significantly. This embodiment allows 
simultaneous device tracking and motion detection. This is accomplished by using the 
same pulse sequence to excite spins for both functions. The MR tracking coils receive 
signals which can be used to determine device location, while the surface coil detects 
signals that are used to determine the global status and position of the region of 
interest. 



[0035] 



While the preferred embodiments of the present invention have been shown and 
described herein, it will be obvious that such embodiments are provided by way of 



AppJD= 10064749 



Page 10 of 20 




example only. Numerous variations, changes and substitutions will occur to those of 
skill in the art without departing from the invention herein. Accordingly, it is intended 
that the invention be limited only by the spirit and scope of the appended claims. 



AppJD= 10064749 



Page 11 of 20 



